etabolic syndrome is reportedly associated with elevated risks of mortality and morbidity due to coronary heart disease (CHD). 1,2 Focusing on reducing CHD risk, the National Cholesterol Education Program (NCEP) Adult Treatment Panel III and the International Diabetes Federation (IDF) have characterized metabolic syndrome as a confluence of components, including abdominal obesity, dyslipidemia, raised blood pressure and impaired fasting glucose, and established diagnostic criteria for each component. 3, 4 Compared with the NCEP criteria for the metabolic syndrome, however, the IDF has proposed the requirement of abdominal obesity and emphasized ethnic-specific cutoff points of waist circumference. 4 Cutoff points for waist circumference suggested by the IDF are 94 cm for men with Europoid origin, 90 cm for South Asian, Chinese and Japanese men, and 80 cm for women of all ethnicities. The revised NCEP upholds the criteria of larger waist circumference, 102 cm for men and 88 cm for women, for North Americans of non-Asian origin and the same criteria given by the IDF for those with Asian-origin. 4, 5 Although the IDF and the NCEP seem to have recently agreed on the cutoff points of waist circumference for Asians, a number of studies for Korean, Chinese and Japanese adults have produced conflicting findings. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Studies for Korean adults have suggested that 89-90 cm for men and Background: There are few studies that compare measures of diagnostic accuracy for selected waist cutoff points and the criteria of abdominal obesity given by the International Diabetes Federation (IDF) and the National Cholesterol Education Program (NCEP).
85-86 cm for women may be appropriate cutoff points of waist circumference for the definition of abdominal obesity. 7, 8 Chinese data have demonstrated that minimum waist cutoff points associated with the metabolic syndrome are 90 cm for men and 85 cm for women, while nationally representative data have revealed that it is 80 cm for both men and women. 9, 10 Showing more inconsistent results, investigations among Japanese adults have provided varied optimal cutoff points of waist circumference. [11] [12] [13] [14] [15] [16] On the basis of these findings for some Asian ethnicities, more reliable cutoff points of waist circumference need to be proposed than those from the IDF and the NCEP criteria. In spite of several reports on cutoff points of waist circumference among Korean adults, data are limited in comparing measures of diagnostic accuracy, which are obtained from receiver-operating characteristic (ROC) curves, for selected optimal cutoff points with those for waist cutoff points given by the IDF.
The present study analyzed nationally representative data for Korean adults to select optimal cutoff points of waist circumference and to evaluate which waist cutoff points are appropriate among varied cutoff points, including those suggested by the IDF and the NCEP, for the criteria of abdominal obesity as a component of the metabolic syndrome.
Methods

Study Population
Male and female adults aged 20-80 years were identified from data of the Third Korean National Health and Nutrition Examination Survey (KNHANES III), which was conducted in 2005 by the Korea Centers for Disease Control and Prevention. Detailed information on survey design and characteristics was reported elsewhere. 17, 18 Briefly, KNHANES has been periodically performed to collect data related to health and nutritional status from noninstitutionalized civilians in Korea. To select a representative sample, a multistage cluster sampling technique was used, based on information of governing districts and types of dwelling. The survey procedures consist of health interviews and examinations, a health behavior survey and a nutrition survey. These are conducted after written consent has been obtained from each participant. The health examinations include anthropometric measurements, measurements of blood pressure and blood sampling for biochemical assays. The health interviews obtain demographic and socioeconomic information, medical history and health conditions, behaviors and lifestyle patterns related to health status, and dietary intake.
The KNHANES III has been performed for a total of 33,848 individuals and approximately 15% completed health examinations. The present study has initially identified 5,152 participants aged 20-80 years who had completed health examinations after the exclusion of 38 pregnant women. To minimize the influence of anthropometric changes after a diagnosis of disease, 475 patients who had reported physician-diagnosed cardiovascular disease or cancer, or who had reported the use of hypoglycemic agents, were further excluded. After this exclusion, the remaining 4,677 adults were considered to have self-reported good health and thus comprised study subjects for statistical analyses. 19 
Definition of the Metabolic Syndrome
To obtain the prevalence of the metabolic syndrome, the diagnostic criteria given by the IDF and the NCEP were used. According to the IDF criteria, a diagnosis for the metabolic syndrome requires abdominal obesity as a prerequisite component, with any 2 of the other 4 components;
(1) high concentrations of serum triglycerides (≥150 mg/dl), (2) low concentrations of serum high-density lipoprotein (HDL)-cholesterol (<40 mg/dl for men and <50 mg/dl for women), (3) high blood pressure (systolic ≥130 mmHg, diastolic ≥85 mmHg, or the use of antihypertensive medications), and (4) high concentrations of fasting plasma glucose (≥100 mg/dl or the use of hypoglycemic agents). Abdominal obesity is defined as having ≥90 cm for Asian men and ≥80 cm for Asian women on the basis of the IDF. 4 The present study has also made a diagnosis of abdominal obesity using the selected optimal cutoff points of waist circumference. The revised NCEP criteria have established a diagnosis of the metabolic syndrome as the presence of 3 or more of 5 components, including abdominal obesity and 4 nonadipose components, of which diagnostic criteria are same as suggested by the IDF. 5
Measurements of the Metabolic Syndrome Components
Trained researchers conducted measurements of waist circumference at the end of a normal expiration, with the subject standing upright with arms by their side. Waist circumference was measured at the midpoint between the lower rib and the iliac crest, and recorded to the nearest 0.1 cm. Blood pressure was measured in a sitting position with mercury sphygmomanometers after a 10-min period of rest. Repeated measurements of blood pressure were performed after an approximately 5-min interval and recorded to the nearest 2 mmHg. The systolic and diastolic blood pressures used in this report were based on the average of the 2 readings. Individuals participating in the health examinations had fasted for at least 8-h before the beginning of blood collection. Assays were conducted for blood concentrations of total cholesterol, HDL-cholesterol, triglycerides and glucose.
CHD Prediction Scores
The CHD prediction scores were calculated using Framingham risk equations, as suggested by D'Agostino et al, which estimate risks for CHD in the next 10 years. 20 The equations include risk variables such as age, diagnosis of diabetes, current smoking, categories of systolic/diastolic blood pressure (<120/<80, <130/<85, <140/<90, <160/<100, ≥160/≥100 mmHg), total cholesterol (<160, 160-199, 200-239, 240-279, ≥280 mg/dl), and HDL-cholesterol (<35, 35-44, 45-49, 50-59, ≥60 mg/dl). The CHD prediction scores are evaluated as high risk ranges for greater than 20%, as intermediate risk ranges for 10-20%, and as low risk ranges for less than 10%. As seen above, the CHD scoring system includes components, except smoking, of the metabolic syndrome. Because the metabolic syndrome is considered a secondary target for the prevention of CHD risk, the association of waist circumference with the CHD prediction scores is able to provide additional data along with the association with the metabolic syndrome.
Statistical Analysis
Unweighted and weighted values were calculated for 5 components of the metabolic syndrome. To assess differences in the means or proportions of unweighted values between men and women, Student's t-test and a Kruskal-Wallis test were used. To obtain optimal cutoff points of waist circumference, ROC curve analyses were performed according to 2 outcomes; (1) whether subjects had 2 or more nonadipose components such as triglycerides, HDL-cholesterol, blood pressure and glucose; and (2) whether subjects were in the high risk ranges on the basis of the CHD prediction scores. Optimal cutoff points were determined mainly on the basis of the maximum values of the Youden index, calculated by [sensitivity + specificity -1] and the minimum values of the square root of [(1-sensitivity) 2 + (1-specificity) 2 ], which indicates minimum distance from the upperleft corner to the point on the ROC curve. 21, 22 In addition, other measures of diagnostic accuracy, such as sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and total accuracy, were next considered. Briefly explaining these measures of diagnostic accuracy, sensitivity is an index with the ability to evaluate to identify true cases with a certain condition (or disease) correctly as outcome; specificity is an index with the ability to evaluate to identify true non-cases that do not have the condition correctly; PPV is the proportion of true cases with the condition among all cases classified with the condition; NPV is the proportion of true non-cases without the condition among all non-cases classified without the condition; total accuracy is the proportion of cases whose tests accurately predict the true cases or non-cases. 21 Because the measure-ment of waist circumference is a simple, easy and inexpensive method, in the present study, a measure with higher sensitivity and NPV has been preferred to another with higher specificity when both measures have same total accuracy. The measures of diagnostic accuracy from ROC curve analyses were compared for waist circumference suggested by the IDF, the NCEP and previous studies. 4, 5, 8, 9 Using the optimal cutoff points of waist circumference, finally, weighted proportions of individuals with abdominal obesity and weighted prevalence of the metabolic syndrome were calculated among adults aged 20 years or older included in the KNHANES III data. All testing was based on a twosided level of significance.
Results
Among the study subjects with self-reported good health, 38.7% (n=1,809) were identified to have 2 or more nonadipose components of the metabolic syndrome. In Table 1 , prevalence of the metabolic syndrome components were compared between men and women. Men are more likely to have greater waist circumference, higher blood pressure, higher levels of triglycerides and glucose, and lower levels of HDL-cholesterol compared with women (P value <0.001). Thus, more men were identified to have 2 or more components of the metabolic syndrome (P value <0.001) as well as a higher risk for CHD (P value <0.05) ( Table 1) . Table 2 presents results of ROC curve analyses for the prevalence of having 2 or more nonadipose components of the metabolic syndrome. ROC curve areas are 0.75 for men and 0.77 for women, indicating that detection accuracy is quite fair according to the use of waist circumference measurements. Minimum distance to ROC curve, a maximum value of Youden index and high total accuracy were observed among men with a waist circumference of 85 cm and 86 cm. Women with a waist circumference of 78 cm and 79 cm showed a maximum value of Youden index and minimum distance to ROC curve, respectively. Although high total accuracy was observed among women with a waist circumference of 88 cm due to a high value of specificity, distance to ROC curve was longer and values of Youden index and sensitivity were lower than among those with other values of waist circumference. Because those with 80 cm showed fairly reliable results in terms of distance to ROC curve, Youden index, total accuracy and sensitivity, this cutoff point of waist circumference may be more appropriate than 88 cm for women ( Table 2) . Because the establishment of optimal cutoff points for waist circumference is the goal for preventing the metabolic syndrome and risks of the metabolic syndrome are increased in old age, analyses limited to data for adults younger than 65 years are needed. Thus, Table 3 demonstrates optimal cutoff points for waist circumference and ROC curve results among adults younger than 65 years. As shown similarly in Table 2 , waist circumference values of 85 cm and 86 cm for men and of 78 cm, 79 cm and 80 cm for women appear more appropriate compared with other values given by the IDF, the NECP or previous studies ( Table 3) . 4, 5, 8, 9 I attempted to find optimal cutoff points for waist circumference to identify persons who are in the high risk ranges of the CHD prediction risk scores. Table 4 shows that waist cutoff points of 84 cm and 85 cm for men and of 80 cm for women are optimal values for screening persons with high CHD risk prediction scores. Because of long distance to ROC curve and low values of Youden index and sensitivity, larger waist cutoff points, such as 102 cm and 94 cm for men and 88 cm and 85 cm for women, showed less ability to identify persons who are in the high risk ranges of the CHD prediction scores ( Table 4 ). Figure 1 shows optimal cutoff points of waist circumference, indicating a circle on the ROC curves. As presented in the 'A' illustration showing the ROC curves for having 2 or more nonadipose components of the metabolic syndrome and in the 'B' illustration showing those included in the high risk ranges of the CHD prediction scores, waist circumference values of 84-86 cm for men and of 78-80 cm for women were found to be optimal cutoff points of waist circumference for preventing metabolic syndrome and CHD. In addition, the presented ROC curves also show that waist circumference (continuous line) is a better index of adiposity than body mass index (dashed lines) for screening individuals at risk of metabolic syndrome and CHD (P values <0.001) (Figure 1) . According to the waist circumference of 85 cm (men) and of 80 cm (women) obtained from the present study vs that of 90 cm (men) and of 85 cm (women) suggested by a previous study for Korean adults, Table 5 presents weighted proportions of adults with abdominal obesity and weighted prevalence of the metabolic syndrome among adults aged 20 years or older included in the KNHANES III data. 8 In categories by sex and age groups, greater proportions of abdominal obesity were calculated through the use of a waist circumference of 85 cm (men) and of 80 cm (women) than by the use of 90 cm (men) and 85 cm (women). Almost 45% of male adults were classified as having abdominal obesity through the use of 85 cm as a cutoff point of waist circumference, while 25% were men with greater than 90 cm. Among women, 39% and 23% were classified as having abdominal obesity through the use of 80 cm and 85 cm, respectively. The highest proportions of abdominal obesity were observed among men aged 40-59 years and women aged 60-79 years according to a waist circumference of 85 cm (men) and of 80 cm or 85 cm (women). With the use of a waist circumference of 90 cm, however, the highest proportion of abdominal obesity was observed among men aged 80 years or older ( Table 5 ).
These observations indicate that a waist circumference of 90 cm for men may be too large to screen individuals with abdominal obesity before the age ranges of high risk of CHD. Greater prevalence of the metabolic syndrome was calculated through the use of a waist circumference of 85 cm (men) and 80 cm (women) than by the use of 90 cm (men) and 85 cm (women). Among men, almost 29% (IDF-MS) and 34% (NCEP-MS) were classified to have the metabolic syndrome according to the use of waist circumference of 85 cm, while 18% (IDF-MS) and 27% (NCEP-MS) were according to the use of 90 cm. Among women, almost 22% (IDF-MS) and 25% (NCEP-MS) were diagnosed as having metabolic syndrome with the use of waist circumference of 80 cm, while 15% (IDF-MS) and 21% (NCEP-MS) were diagnosed with the use of 85 cm ( Table 5 ). These observations reflect that there is a greater discrepancy, in particular among men, between the prevalence of the IDF-defined metabolic syndrome and that of the NCEP-defined metabolic syndrome when a waist circumference of 90 cm is used for the criteria of abdominal obesity rather than when the cutoff point of 85 cm is used.
As shown in Figure 2 , discrepancies between the prevalence of the IDF-defined metabolic syndrome and that of the NCEP-defined metabolic syndrome were greater when larger values of waist circumference were used.
Discussion
The nationally representative data for Korean adults suggest that a waist circumference of 84-86 cm for men and of 78-80 cm for women may be optimal cutoff points of waist circumference for the criteria of abdominal obesity, which is a component of metabolic syndrome. As proposed by the IDF and the revised NCEP Adult Treatment Panel III for Asian women, 80 cm is an appropriate cutoff point for Korean women. However, a waist circumference of 90 cm, which is the cutoff point for Asian men according to the IDF criteria and the NCEP criteria, may not be appropriate for Korean men. Smaller waist circumference values, such as 85 cm or 86 cm, may be better cutoff points rather than 90 cm for screening male adults with abdominal obesity as well as for preventing the metabolic syndrome before the onset of old age. There is a clear discrepancy between the prevalence of the IDF-defined metabolic syndrome and that of the NCEP-defined metabolic syndrome when a waist circumference of 90 cm, rather than of 85 cm or 86 cm, is used as the cutoff point of adipose component for men.
There have been accumulated data on optimal cutoff points of waist circumference for Asians since the NCEP published the criteria of abdominal obesity and metabolic syndrome. 3 The early proposal of the NCEP for the criteria of abdominal obesity was waist circumference of ≥102 cm for men and of ≥88 cm for women. 3 On the basis of these criteria, only 2% (weighted prevalence) of men and 16% (weighted prevalence) of women are classified with abdominal obesity among adults aged 20 years or older in the KNHANES III data. Because of such an underestimation of the prevalence of abdominal obesity, specific criteria to define adiposity for Asians have been called for. Thus, the IDF has ambitiously proposed the ethnic-specific criteria for abdominal obesity and the revision of the NCEP criteria including waist cutoff points for people with Asian-origin has followed. 4, 5 Nevertheless, because a number of studies for Asians have suggested lower cutoff points for waist circumference, controversies over this criteria have not yet been resolved. [10] [11] [12] [14] [15] [16] To define abdominal obesity for Korean adults, some studies, but not all, have suggested that a waist circumference of 90 cm for men and 85 cm or 86 cm for women may be appropriate cutoff points. [6] [7] [8] However, there are few studies that compare varied measures of diagnostic accuracy, beyond sensitivity and specificity, for selected cutoff points with other cutoff points of waist circumference, such as those proposed by the IDF and the NCEP. 13 To obtain optimal cutoff points, the present study has utilized several measures of diagnostic accuracy, such as minimum distance to ROC curve, maximum Youden index and total accuracy, along with sensitivity and specificity, and compared these measures for selected cutoff points and other waist cutoff points. Such comparison seemed to provide additional information to justify the suggestion on the optimal cutoff points of waist circumference. The findings have shown data supportive of the waist cutoff point of 80 cm for women as proposed by the IDF and the NCEP, but conflicting with their criterion of waist circumference for men. Thus, a new criterion of waist circumference, in particular of smaller waist circumference such as 84 cm, 85 cm or 86 cm, is proposed for Asian men, at least for Korean men, rather than a waist circumference of 90 cm. Oizumi et al has proposed that waist cutoff points of 85 cm and 80 cm for Japanese men and women, respectively, are appropriate for diagnosis of the metabolic syndrome. 23 For Chinese men and women, recently, the same criteria have been suggested as the optimal waist circumference in the ROC analyses for diabetes, hypertension and dyslipidemia. 24 These criteria may be also preferred among Korean men and women for the practical use of abdominal obesity criteria.
Recent studies have pointed out that the IDF criteria identify less cases of the metabolic syndrome among men than the revised NCEP criteria. 25, 26 Similarly, the present study has observed a lower prevalence of the metabolic syndrome with the use of the IDF criteria compared with that of the NCEP criteria. Furthermore, because discrepancies in the prevalence estimated using the 2 criteria are remarkably larger among men than among women and increase with larger waist circumference, it would be essential to determine a waist cutoff point that is proper for Korean men if both the IDF and NCEP criteria continue to be utilized.
Strengths of the present study include the use of recent and nationally representative data, assessment of a number of measures of diagnostic accuracy to select optimal cutoff points for waist circumference, and comparison of measures of diagnostic accuracy for the waist cutoff points selected in the present study and other cutoff points established previously. In addition, because of the use of national data, which had been collected periodically, the present study has additional strengths such as the large sample size and anthropometric measurements based on standardized methods. A potential limitation is the use of cross-sectional survey data. Further studies may need to investigate for optimal cutoff points of waist circumference in relation to the incidence of the metabolic syndrome. The present study included subjects who met the criteria of health level 1, which was suggested by Flegal. 19 If more stringent definitions of health level, such as meeting the criteria of health level 1 plus the absence of hypertension, hyperlipidemia or endocrine/metabolic dysfunctions, had been used, a smaller waist circumference might have been observed to be optimal. Thus, studies for individuals with different health status may be needed. Waist circumference is often measured at the umbilicus. 27 Although it is less likely that different measurement procedures for waist circumference could have significantly altered the study results, further investigations are warranted to clarify the effect of measurement procedures on determining optimal waist circumference. 28 In conclusion, the nationally representative data for Korean adults suggest that a waist circumference of 84-86 cm for men and of 78-80 cm for women may be optimal cutoff points of waist circumference for the criteria of abdominal obesity. To prevent metabolic syndrome, smaller waist circumference values for Asian men may be more desirable rather than a waist circumference of 90 cm proposed by the IDF. In addition, the use of smaller waist circumference may resolve discrepancies between the prevalence of the IDF-defined metabolic syndrome and that of the NCEP-defined metabolic syndrome. Further investigation is warranted to confirm the criteria of waist circumference given by the present study.
